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1
OPTOELECTRONIC SEMICONDUCTOR
COMPONENT HAVING A TRANSPARENT
OXIDE CONNECTOR AND METHOD FOR
FABRICATING THE SAME

This patent application is a national phase filing under
section 371 of PCT/EP2012/068783, filed Sep. 24, 2012,
which claims the priority of German patent application 10
2011 114 641.9, filed Sep. 30, 2011, each of which is incor-
porated herein by reference in its entirety.

TECHNICAL FIELD

An optoelectronic semiconductor component and a
method for fabricating an optoelectronic semiconductor com-
ponent are specified.

BACKGROUND

The optical efficiency of a light emitting diode (LED) is
greatly influenced by the difference between and the match-
ing of the refractive indexes of the light emitting diode chip
and of a functional optical element applied thereto, for
example, a phosphor layer or a lens. The connection between
the light emitting diode chip, which comprises a high refrac-
tive index semiconductor material having a refractive index in
the range of 2.4 to 3.5, and, for example, a ceramic phosphor
layer having a refractive index in the range of 1.8 to 2.8 or a
glass lens having a refractive index in the range of 1.46 to 2.1
is usually produced by a low refractive index silicone layer
having a refractive index in the range of 1.4 to 1.55, which
leads to significant optical losses of approximately 5% to
10%. In order to increase the coupling-out efficiency of an
LED and in order, in particular, to be able to advance to
efficiencies of more than 150 lumens per watt, it is necessary
to minimize such optical losses as much as possible.

The endeavor to couple optical elements to a light emitting
diode chip as far as possible without layers having a low
refractive index is known. By way of example, attempts are
made to use conventional adhesive layers having the highest
possible refractive index. However, since there are no optical
adhesives exhibiting long-term stability and having refractive
indexes of more than 1.55, this approach has been limited
hitherto. Furthermore, attempts are made to apply an optical
element without adhesion layers on a light emitting diode
chip by means of direct bonding. Although direct bonding
would constitute the best connection optically and thermally,
in practice it is useable only to a very limited extent on
account of the stringent requirements of the surface quality.
Furthermore, the direct deposition of semiconductor materi-
als on an optical element is also discussed. However, the
direct deposition of epitaxial material on optically active sub-
stances has not yet been sufficiently demonstrated hitherto
and furthermore very greatly restricts the choice of the suit-
able materials to be used.

SUMMARY OF THE INVENTION

Specific embodiments specify an optoelectronic semicon-
ductor component comprising an optical element on a semi-
conductor chip. Further specific embodiments specify a
method for fabricating an optoelectronic semiconductor com-
ponent.

In accordance with one embodiment, an optoelectronic
semiconductor component comprises an optoelectronic
semiconductor chip and an optical element. A connecting
layer is arranged between the optical element and the semi-
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2

conductor chip, which connecting layer in each case directly
adjoins the optical element and the semiconductor chip and
fixes the optical element on the semiconductor chip. Here and
hereinafter, “directly adjoin” means that no further layer, in
particular for example in the form of an adhesive layer, a
connecting resin layer or a solder layer, is situated between
the connecting layer described here and the semiconductor
chip and between the connecting layer and the optical ele-
ment. The connecting layer is therefore arranged directly at
the semiconductor chip and directly at the optical element
between these.

A mechanical coupling and fixing of the optical element on
the semiconductor chip can be made possible by the direct
arrangement of the connecting layer at the semiconductor
chip and at the optical element. Furthermore, the connecting
layer can make possible a good thermal and optical coupling
of the optical element to the semiconductor chip.

In accordance with a further embodiment, the connecting
layer comprises a transparent oxide. Particularly preferably,
the connecting layer has a refractive index of greater than or
equal to 1.6. Optical losses such as, for example, when using
silicone-based adhesives for fixing optical elements on light
emitting diode chips can be reduced as a result.

In accordance with a further embodiment, in a method for
fabricating an optoelectronic semiconductor component, the
optical element is arranged on the optoelectronic semicon-
ductor chip. The connecting layer, which can be embodied in
particular as a connecting layer comprising a transparent
oxide, is then applied between the semiconductor chip and the
optical element in each case in a manner directly adjoining the
semiconductor chip and the optical element. The optical ele-
ment is fixed on the semiconductor chip as a result of the
direct application of the connecting layer between the optical
element and the semiconductor chip.

The features described here and hereinafter apply equally
to the optoelectronic semiconductor component and the
method for fabricating the latter.

Particularly preferably, the connecting layer is arranged
between the semiconductor chip and the optical element by
means of an atomic layer deposition (ALD) method. In the
method of atomic layer deposition, formation of a layer made
from a connecting layer material on a surface or a surface
region of the semiconductor chip and a surface or a surface
region of the optical element is made possible by a chemical
reaction of at least two starting substances or compounds
(“precursor”) provided in gaseous form. In comparison with
other methods of chemical vapor deposition, in atomic layer
deposition the starting compounds are admitted into a reac-
tion chamber cyclically one after another. A first of the at least
two gaseous starting compounds can adsorb on the surfaces to
be coated, wherein the molecules of the first starting com-
pound can be arranged irregularly and without a long-range
order on the surface region and can thus form an at least partly
amorphous covering. After the surfaces have been preferably
completely or almost completely covered with the first start-
ing compound, a second of the at least two starting com-
pounds can be supplied, which reacts with the first starting
compound adsorbed on the surface to be coated, as aresult of
which a submonolayer or maximally a monolayer of the
connecting layer material can be formed. Further submono-
layers or monolayers can be produced by repeating these
steps. An essential feature of atomic layer deposition is the
self-limiting character of the partial reaction, which means
that the starting compound of a partial reaction does not react
with itself or ligands of itself, which limits the layer growth in
a partial reaction, even in the case of an arbitrary length of
time and amount of gas, to maximally a monolayer of the
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connecting layer material on the surfaces or surface regions to
be coated. Depending on method parameters and reaction
chamber, and also depending on the connecting layer material
or the starting compounds thereof, a cycle can last between a
few milliseconds and a few seconds, wherein a layer made
from the connecting layer material and having a thickness of
approximately 0.1 to approximately 3 angstroms can then be
produced per cycle.

What is of particular importance in the case of the method
described here and in the case of the optoelectronic semicon-
ductor component described here is that ALD methods have
the property of conformally coating structures with high so-
called aspect ratios of more than 100 or more than 1,000,
depending on process parameters. Here and hereinafter,
aspect ratio denotes, in the case of a channel or a gap, the ratio
of channel or gap depth to the minimum width, that is to say
to the width at the narrowest location, of the channel or gap.
Consequently, after the optical element has been arranged on
the semiconductor chip, gaps which may be present between
the optical element and the semiconductor chip and which
may be produced in a manner governed by manufacture and/
or in a targeted manner by means of a surface structuring can
be filled by the material of the connecting layer. As a result of
the high gap penetration and the conformal filling behavior,
which is, for example, already known from the coating or
filling of deep and narrow blind holes such as, for instance,
so-called “vias,” a thin-gap adhesive bond is achieved by the
connecting layer described here by means of the ALD
method. As a result of the conformal coating that can be
achieved by the ALD method, the method described here for
applying the connecting layer between the semiconductor
chip and the optical element can also subsequently be distin-
guishable from other methods and demonstrable.

In accordance with a further embodiment, the optoelec-
tronic semiconductor chip has a semiconductor layer
sequence. The semiconductor chip can be embodied as a light
emitting semiconductor chip or as a light detecting semicon-
ductor chip, for example, in the form of a photodiode or a
photovoltaic cell. The semiconductor chip can have a semi-
conductor layer sequence based on different semiconductor
material systems, depending on wavelength. A semiconduc-
tor layer sequence based on In,Ga Al __ As, for example, is
suitable for a long-wave, infrared to red radiation, a semicon-
ductor layer sequence based on In,Ga Al,_,_ P, for example,
is suitable for red to yellow radiation, and a semiconductor
layer sequence based on In,Ga Al, N, for example, is suit-
able for short-wave visible, that is to say in particular for
green to blue, radiation and/or for UV radiation, where O=x=<1
and O=y=1 in each case hold true. Furthermore, a semicon-
ductor layer sequence based on an antimonide, for example,
InSb, GaSb, AISb or a combination thereof, can be suitable
for long-wave infrared radiation.

Particularly preferably, the semiconductor chip can com-
prise or be composed of an epitaxially grown semiconductor
layer sequence. For this purpose, the semiconductor layer
sequence can be grown on a growth substrate by means of a
epitaxy method, for example, metal organic vapor phase epi-
taxy (MOVPE) or molecular beam epitaxy (MBE), and be
provided with electrical contacts. A plurality of semiconduc-
tor chips can be provided by singulating the growth substrate
with the grown semiconductor layer sequence.

Furthermore, the semiconductor layer sequence can be
transferred to a carrier substrate before singulation and the
growth substrate can be thinned or completely removed. Such
semiconductor chips which have as substrate a carrier sub-
strate instead of the growth substrate can also be designated as
so-called thin-film semiconductor chips.
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A thin-film semiconductor chip is distinguished, in par-
ticular, by the following characteristic features. A reflective
layer is applied or formed at a first main area of a radiation-
generating epitaxial layer sequence facing toward the carrier
substrate. The reflective layer reflects at least part of the
electromagnetic radiation generated in the epitaxial layer
sequence back into the latter. The epitaxial layer sequence has
a thickness in the range of 20 pum or less, in particular in the
range of between 4 um and 10 pm. The epitaxial layer
sequence contains at least one semiconductor layer having at
least one area having an intermixing structure which ideally
leads to an approximately ergodic distribution of the light in
the epitaxial layer sequence, that is to say that it has an as far
as possible ergodically stochastic scattering behavior.

A thin-film semiconductor chip is to a good approximation
a Lambertian surface emitter. The basic principle of a thin-
film light emitting diode chip is described, for example, in the
document 1. Schnitzer, et al., Appl. Phys. Lett. 63 (16), Oct.
18, 1993, 2174-2176.

The electrical contacts of the semiconductor chip can be
arranged on different sides of the semiconductor layer
sequence or else on the same side. By way of example, the
semiconductor chip can have an electrical contact in the form
of a solderable or adhesively bondable contact area on a side
of the substrate situated opposite the semiconductor layer
sequence. A further contact area, for example, in the form of
a so-called bonding pad for making contact by means of a
bonding wire, can be formed on a side of the semiconductor
layer sequence situated opposite the substrate. Furthermore,
the semiconductor chip can have the electrical contact areas
on the same side, for example, as solderable or adhesively
bondable contact areas, and can be embodied as a so-called
flip-chip, which can be mounted with the contact areas on an
electrically conductive carrier, for example, a circuit board, a
printed circuit board or a light emitting diode housing. Fur-
thermore, a semiconductor chip can also have two contact
areas embodied as bonding pads on the same side of the
semiconductor layer sequence.

In accordance with a further embodiment, the optical ele-
ment comprises a transparent or translucent material through
which, during the operation of the optoelectronic semicon-
ductor component, light is emitted from the semiconductor
chip embodied as a light emitting semiconductor chip, or
through which light can be received by the semiconductor
chip embodied as a light detecting semiconductor chip. The
optical element can comprise, for example, a glass, a ceramic
material, a plastic, a semiconductor material or a combination
of materials mentioned. By way of example, the optical ele-
ment can be embodied as a transparent substrate, particularly
preferably as a glass, ceramic or semiconductor substrate.

The optical element can for example also serve as an inter-
mediate carrier arranged between the semiconductor chip and
a further optical element, which is connected to the optical
element, for example, via a further connecting layer, wherein
the further connecting layer can have features as described in
association with the connecting layer between the optical
element and the semiconductor chip.

In accordance with a further embodiment, the optical ele-
ment has a surface which faces away from the semiconductor
chip and which has a curved or other non-planar form. By way
of' example, the surface facing away from the semiconductor
chip can be curved concavely or convexly in a lens-like fash-
ion, for example in the form of a spherical or aspherical lens.
Furthermore, the surface of the optical element which faces
away from the semiconductor chip can for example comprise
one or a plurality of cones or truncated cones or can be formed
by one or a plurality thereof. In particular, the optical element
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having such a surface can serve for the beam shaping or
scattering of the emitted light from a light emitting semicon-
ductor component.

In accordance with a further embodiment, the optical ele-
ment is embodied as a wavelength conversion element or
comprises a wavelength conversion element. The wavelength
conversion element can comprise one or a plurality of wave-
length conversion substances suitable for at least partly
absorbing the light emitted by the semiconductor chip and for
emitting it as light having an at least partly different wave-
length range. The wavelength conversion element can for
example comprise one or more of the following wavelength
conversion substances or be formed from one or more of the
following wavelength conversion substances: garnets doped
with rare earth metals, alkaline earth metal sulfides doped
with rare earth metals, thiogallates doped with rare earth
metals, aluminates doped with rare earth metals, silicates,
such as orthosilicates, doped with rare earth metals, chloro-
silicates doped with rare earth metals, alkaline earth metal
silicon nitrides doped with rare earth metals, oxynitrides
doped with rare earth metals and aluminum oxynitrides
doped with rare earth metals, silicon nitrides doped with rare
earth metals, sialons.

In particular, garnets such as yttrium aluminum oxide
(YAG), lutetium aluminum oxide (LuAG) and terbium alu-
minum oxide (TAG) can be used as wavelength conversion
substances. The wavelength conversion substances are doped
for example with one of the following activators: cerium,
europium, terbium, praseodymium, samarium, manganese.

Furthermore, the wavelength conversion element can com-
prise as wavelength conversion substance additionally or
alternatively an organic material, which can be selected from
a group comprising praseodymium, benzopyrenes, cou-
marins, thodamines, and azo dyes.

The wavelength conversion element can also comprise
suitable mixtures and/or combinations of the wavelength con-
version substances mentioned.

Furthermore, the wavelength conversion element can be
formed from one or more wavelength conversion substances
and can be present, for example, as a ceramic wavelength
conversion element.

Furthermore, the wavelength conversion element can com-
prise a matrix material which surrounds or contains the wave-
length conversion substance or substances or which is chemi-
cally bonded to the wavelength conversion substance or
substances. The transparent matrix material can comprise, for
example, siloxanes, epoxides, acrylates, methyl methacry-
lates, imides, carbonates, olefins, styrenes, urethanes or
derivatives thereof in the form of monomers, oligomers or
polymers and furthermore also mixtures, copolymers or com-
pounds therewith. By way of example, the matrix material
can comprise or be an epoxy resin, polymethyl methacrylate,
polystyrene, polycarbonate, polyacrylate, polyurethane or a
silicone resin such as, for instance, polysiloxane or mixtures
thereof.

Furthermore, the wavelength conversion element can also
be present as a ceramic wavelength conversion element and
comprise a ceramic material or a glass material as matrix
material containing one or more of the wavelength conversion
substances mentioned above.

The wavelength conversion substance or substances can be
distributed homogenously in the matrix material. Further-
more, the wavelength conversion element can comprise a
plurality of wavelength conversion substances arranged in
different layers in the wavelength conversion element.

As a result of the connecting layer, a good thermal and
optical linking of the wavelength conversion substance or
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substances in the wavelength conversion element to the semi-
conductor chip can be made possible, which can be particu-
larly advantageous, for example, in the case of a ceramic
wavelength conversion element and can result in an increase
in the efficiency. Furthermore, in particular a ceramic wave-
length conversion element can also serve as mechanical sta-
bilization of the semiconductor chip, for example, in the case
of a semiconductor chip embodied as a flip-chip with
removed or thinned growth substrate.

In accordance with a further embodiment, the optical ele-
ment can be embodied as a scattering element and comprise
scattering particles or scattering structures. In this case, the
scattering particles or scattering structures can be arranged on
a surface of the optical element, in particular the surface
facing away from the semiconductor chip, in the form of a
surface structure or they can be included in a matrix material
as an alternative or in addition to a wavelength conversion
substance as described above. In particular, the scattering
particles can comprise or be, for example, a semimetal or
metal oxide, thus for instance silicon dioxide, titanium diox-
ide or aluminum oxide, and/or glass particles and/or pores,
thus for instance air inclusions. The scattering particles or
scattering structures can in this case have diameters or grain
sizes of less than one micrometer up to an order of magnitude
of 10 micrometers or up to 100 micrometers.

In accordance with a further embodiment, the connecting
layer comprises a dielectric transparent oxide. By way of
example, the connecting layer can comprise aluminum oxide,
titanium dioxide, zirconium dioxide, tantalum pentoxide,
hafnium dioxide, silicon dioxide, silicon nitride or a combi-
nation thereof.

In accordance with a further embodiment, the connecting
layer comprises a transparent conductive oxide. As a result,
by way of example, an electrical contact between the semi-
conductor chip and the optical element or a contact element
can also be made possible, such that electrical contact can be
made with the semiconductor chip via the optical element or
the contact element and the connecting layer. Furthermore, a
connecting layer comprising a transparent conductive oxide
can also serve for current distribution, for example. Transpar-
ent conductive oxides (“TCO”) are transparent, electrically
conductive materials, generally metal oxides, such as, for
example, zinc oxide, tin oxide, cadmium oxide, titanium
oxide, indium oxide or indium tin oxide (ITO). Alongside
binary metal-oxygen compounds, such as, for example, ZnO,
SnO, or In,0;, ternary metal-oxygen compounds, such as,
for example, Zn,Sn0,, CdSnO;, 2nSn0O;, MgIn,O,, GalnO,,
Zn,In,O5 or In,Sn;0,,, or mixtures of different transparent
conductive oxides, also belong to the group of TCOs. Fur-
thermore, it can be possible that the TCOs do not necessarily
correspond to a stochiometric composition and can also be p-
or n-doped.

In accordance with a further embodiment, the semiconduc-
tor chip has a surface which is directly adjoined by the con-
necting layer and which has a surface structure. Alternatively
or additionally, the optical element can also have a surface
which is directly adjoined by the connecting layer and which
has a surface structure. In this case, the surface structure, that
is to say the surface structure of the semiconductor chip
and/or the surface structure of the optical element, can be at
least partly or completely covered by the connecting layer. In
particular, the surface structure is situated between the optical
element and the semiconductor chip, such that, before the
connecting layer is applied, cavities are formed by the surface
structure between the optical element and the semiconductor
chip. Said cavities can be at least partly or completely covered
by the connecting layer. However, it may also be the case that
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pores are formed in the connecting layer as a result of the
cavity walls being covered with the connecting layer.

In accordance with a further embodiment, the surface
structure has at least one channel which extends from an edge
region of the surface along a main extension plane of the
surface to an inner region of the surface. Through the channel,
therefore, the inner region of the surface can be accessible
from outside, such that the gases used for applying the con-
necting layer can be transported into the inner region via the
channel. In this case, the channel can serve as access to gaps
and cavities formed by the surface structure in the inner
region, for example, and can be dimensioned in such a way
that the channel is occupied by only little growth during the
growth of the connecting layer, whereas thinner gaps and
smaller cavities are filled, and an optical and mechanical
coupling between the semiconductor chip and the optical
element is thus made possible. The at least one channel can be
formed, for example, by etching in the semiconductor chip or
in the optical element. Relative to the dimensions of the
semiconductor chip or of the optical element, the at least one
channel can be continuous and thus extend from one edge
region of the semiconductor chip or of the optical element to
another edge region of the semiconductor chip or of the
optical element. It is also possible for the at least one channel
to be embodied as a blind channel or blind trench and to
extend from the edge region only into the inner region.

The choice of a suitable surface structure is crucial for the
functionality of the connecting layer and the applicability of
the method described here and also for the optical efficiency
of the optoelectronic semiconductor component, since the
surface of the semiconductor chip and/or of the optical ele-
ment in accordance with further embodiments described here
can also have additional functions, for example, scattering as
a result of roughening or current distribution via a conductive
connecting layer. In particular, the use of the ALD method
with the possibility of the atomic-layer-fine deposition of the
connecting layer together with a suitable surface structuring
of the semiconductor chip and/or of the optical element
makes possible a mechanical and, in particular, cohesive and
also an optical coupling of the optical element via a thin
transparent connecting layer, in particular via a thin transpar-
ent oxide layer as connecting layer.

In this case, firstly, the structuring of the surface of the
semiconductor chip and/or of the optical element must be
oriented toward an optimum supply of the gases used during
the ALD method and an efficient and controlled process
implementation associated therewith. Secondly, itis also nec-
essary to achieve an optimum optical coupling of the optical
element to the semiconductor chip, in particular by means of
a large interface between them, which is formed by the con-
necting layer, with small maximum gap values. The optimum
surface structure is thus provided by the refractive indexes of
the semiconductor chip and of the optical element.

For suitable dimensioning of the at least one channel and,
in particular, of the aspect ratio thereof, it is helpful, for
example, to theoretically estimate the ALD diffusion and to
carry out an optical and thermal modeling with regard to the
efficiency and the coupling area. With regard to the require-
ments in respect of planarity or the roughness of the surface
structure it has been found that it is particularly advantageous
if the roughening of the surface structure has a roughness that
is less than approximately twice the thickness of the connect-
ing layer. Given a suitable thickness of the connecting layer,
the latter can furthermore also serve as a reflection-reducing
coating (“antireflection coating:” AR coating) for the light
generated in the semiconductor chip.
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In accordance with a further embodiment, the at least one
channel has a length along which it extends from the edge
region to the inner region. Furthermore, the channel has a
diameter or width denoting, for example, the narrowest loca-
tion of the channel. As described further below, for example,
in connection with the Figures, in particular an aspect ratio of
length to diameter or width of the channel of less than or equal
to 500, preferably less than or equal to 200, and particularly
preferably less than or equal to 100, can be particularly advan-
tageous in order to achieve an optimum supply of the gases
used during the ALD method from the edge region to the inner
region between the semiconductor chip and the optical ele-
ment.

In accordance with a further embodiment, the surface
structure has a plurality of channels. The channels can be
arranged uniformly alongside one another and spaced apart
from one another. Furthermore, itis also possible for channels
to cross one another and thus to run from different edge
regions to the inner region. In particular, the channels, for
example channels that cross one another, can be embodied in
each case as continuous channels which extend from one edge
region to an opposite edge region of the semiconductor chip
or of the optical element.

In accordance with a further embodiment, the surface
structure has a roughening. The roughening can be formed,
for example, by randomly arranged elevations and depres-
sions which can be produced, for example, by etching or
mechanically removing methods such as sandblasting, for
instance. Furthermore, the roughening can also be produced
by specific crystal growth conditions on a surface of the
semiconductor chip. It is also possible for the elevations and
depressions of the roughening to be embodied as regular or at
least partly regular and/or of identical type or at least partly of
identical type. By way of example, the roughening can have
plateau-type elevations. The depressions can be connected to
one another and thus form at least one channel or a plurality
of channels that cross one another or branched channels.

In accordance with a further embodiment, the surface
structure has lens-shaped and/or pyramidal elevations. In par-
ticular, the pyramidal elevations can also be embodied as
truncated pyramids or in a plateau-type fashion. It is particu-
larly advantageous if the roughening of the surface of the
semiconductor chip which directly adjoins the connecting
layer forms as many oblique facets as possible, which enable
light to be coupled out effectively. Furthermore, the surface
and thus also the surface structure should form coupling areas
that are as large as possible.

Furthermore, it may also be possible for the surface struc-
ture to have at least one or a plurality of channels in addition
to the roughening. The at least one channel or the plurality of
channels can in particular have dimensions, that is to say a
respective length and/or width, greater than the dimensions of
the depressions formed by the roughening.

For example in the case of semiconductor chips having
dimensions of less than or equal to 300 um, the surface
structure can be formed solely by the roughening. In the case
oflarger semiconductor chips having dimensions for example
in the range of 1 mm, the aspect ratio in the case of a standard
roughening is approximately 1,000, with the result that, in the
case of such large semiconductor chips, at least one additional
channel in the surface of the semiconductor chip or in the
surface of the optical element may prove to be advantageous.
In this regard, by way of example, one or a plurality of
channels having a diameter of approximately 5 jum can reduce
the aspect ratio given by the roughening by approximately a
factor of 10.
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In accordance with a further embodiment, that surface of
the semiconductor chip which directly adjoins the connecting
layer has a surface structure formed by a roughening. In
addition, that surface of the optical element which directly
adjoins the connecting layer has a surface structure formed by
atleast one channel having a larger dimension than the rough-
ening.

In accordance with a further embodiment, the surface
structure has regularly arranged elevations. The elevations
can be embodied for example as free-standing elevations, that
is to say, for example, in a hill-shaped or tower-shaped fash-
ion, and can be separated from one another by channels or
depressions that cross one another. By way of example, a
regular arrangement of elevations can form a photonic crys-
tal. Such a photonic crystal can be formed, for example, by
elevations which are arranged regularly alongside one
another and have a filling factor of at least 50% and a structure
size of at least 400 nm. In this case, it can be advantageous if
the surface structure has structure sizes which are as small as
possible in conjunction with an efficiency sought, in order to
keep the aspect ratio for filling the depressions or gaps within
limits. In particular, the order of magnitude of the structures
can lie in an order of magnitude range of the emitted wave-
length, or wavelength to be received, of the semiconductor
chip.

In accordance with a further embodiment, both the semi-
conductor chip and the optical element in each case have a
surface structure, the connecting layer being arranged
between these surface structures, the connecting layer
directly adjoining these surface structures, and these surface
structures intermeshing. In other words, the surface structures
of the semiconductor chip and of the optical element can be
interlocked with one another or be embodied in a tongue-and-
groove-like arrangement. As a result, it is possible to achieve
an increase in the area overlap of the surface of the semicon-
ductor chip and the surface of the optical element which in
each case directly adjoin the connecting layer. In accordance
with a further embodiment, the surface structure has an aver-
age structure size that is less than or equal to twice the thick-
ness, in particular the average thickness, of the connecting
layer. In this case, the structure size can be defined by the
average roughness in the case of a random arrangement or
roughening of elevations and depressions or else in a manner
averaged over the structures of the surface structure in the
case of a regular arrangement.

In accordance with a further embodiment, for producing
the optoelectronic semiconductor component, a plurality of
semiconductor chips and a plurality of optical elements are
provided, which are formed in each case in an assemblage. By
way of example, the semiconductor chips can be present in a
wafer assemblage. The plurality of optical elements can be
manufactured jointly and be present for example in the form
of'a disk or a disk assemblage. The assemblage of the semi-
conductor chips and the assemblage of the optical elements
are arranged one on top of another, such that a respective
optical element is arranged on a semiconductor chip. After-
ward, the connecting layer is applied by means of the ALD
method described above between the assemblage of the semi-
conductor chips and the assemblage of the optical elements,
as a result of which the plurality of optical elements are fixed
on the plurality of semiconductor chips. After the connecting
layer has been applied, individual optoelectronic semicon-
ductor components can be released from the assemblage by
singulation. The singulation can be effected by sawing, cut-
ting or etching, for example.

In accordance with a further embodiment, the optical ele-
ment has at least one further channel extending perpendicu-
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larly to the main extension plane of the optical element or the
connecting layer from a surface facing away from the semi-
conductor chip into the optical element or particularly pref-
erably into an assemblage comprising optical elements. Such
aperpendicular channel can serve as a further access channel
for the gases used during the ALD method. Particularly in the
case of the arrangement of a plurality of optical elements in
the assemblage on an assemblage of semiconductor chips,
one or a plurality of such perpendicular channels can be
arranged in the assemblage of the optical elements. In this
case, it can be particularly advantageous if the perpendicular
channels, which are embodied for example as holes or gaps,
are arranged in separating trenches between optical elements,
which are provided for subsequent singulation into individual
optoelectronic semiconductor components. Alternatively or
additionally, such perpendicular channels can also be formed
in the assemblage of the semiconductor chips, in particular
there as well in separating trenches.

In accordance with a further embodiment, the optoelec-
tronic semiconductor component comprises a further optical
element on the optical element, that is to say on that side of the
optical element which faces away from the semiconductor
chip. A further connecting layer comprising a transparent
oxide can be arranged in a manner directly adjoining the
optical element and the further optical element, and fixes the
further optical element on the optical element. In this case, the
further optical element can have features in accordance with
the abovementioned embodiments for the optical element.
The further connecting layer can have features in accordance
with the embodiments for the connecting layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages, advantageous embodiments and
developments will become apparent from the exemplary
embodiments described below in conjunction with the fig-
ures.

FIGS. 1A to 1C show method steps for a method for fab-
ricating an optoelectronic semiconductor component in
accordance with one exemplary embodiment;

FIG. 1D shows a further method step for fabricating an
optoelectronic semiconductor component in accordance with
a further exemplary embodiment;

FIGS. 2A to 4 show schematic illustrations of optoelec-
tronic semiconductor components in accordance with further
exemplary embodiments;

FIG. 5 shows an assemblage comprising optical elements
in accordance with a further exemplary embodiment;

FIG. 6 shows a method step for a method for fabricating
optoelectronic semiconductor components in accordance
with a further exemplary embodiment; and

FIGS. 7A and 7B show estimations with regard to the
method time for a method in accordance with a further exem-
plary embodiment.

In the exemplary embodiments and figures, elements that
are identical, of identical type or act identically may be pro-
vided in each case with the same reference signs. The illus-
trated elements and their size relationships among one
another should not be regarded as true to scale; but rather,
individual elements, such as, for example, layers, structural
parts, components and regions, may be illustrated with an
exaggerated size in order to enable better illustration and/or in
order to afford a better understanding.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

FIGS. 1A to 1C show one exemplary embodiment of a
method for fabricating an optoelectronic semiconductor com-
ponent 100.
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In a first method step in accordance with FIG. 1A, an
optoelectronic semiconductor chip 1 is provided. The semi-
conductor chip 1 has a substrate 10, on which a semiconduc-
tor layer sequence 11 is arranged. The substrate 10 can be a
growth substrate, for example, on which the semiconductor
layer sequence 11 is grown. As an alternative thereto, it may
also be possible that the semiconductor layer sequence 11 was
grown on a growth substrate and was subsequently trans-
ferred to the substrate 10, which is then embodied as a carrier
substrate.

The semiconductor layer sequence 11 and the semiconduc-
tor chip 1 can have features in accordance with the description
in the general part. In the exemplary embodiment shown, the
semiconductor layer sequence 11 is based on a nitride com-
pound semiconductor material or a phosphide compound
semiconductor material, that is to say, for example, on a GaN
semiconductor material or an InGaAlP semiconductor mate-
rial. Purely by way of example, the semiconductor chips 1
shown in the figures are embodied as light emitting semicon-
ductor chips. As an alternative thereto, it is also possible to use
light detecting semiconductor chips, that is to say, for
example, photodiodes or photovoltaic cells, in the exemplary
embodiments shown.

The semiconductor layer sequence 11 has a surface 12
arranged in a manner facing away from the substrate 10. A
surface structure 13 is formed on the surface 12, said surface
structure being formed by a roughening 15 in the exemplary
embodiment shown. The roughening 15 can be produced, for
example, by the crystal growth during the growth of the
semiconductor layer sequence 11 or else by subsequent pro-
cessing such as etching, for example.

The roughening 15 has elevations which are embodied in a
truncated-pyramid-type or plateau-type fashion and which
are separated from one another by channels 14. The rough-
ening 15 serves, in particular, for increasing the optical cou-
pling-out of the light generated in the semiconductor chip 1
by providing as many oblique facets as possible.

In a further method step in accordance with FIG. 1B, an
optical element 2 is arranged on the surface 12. The optical
element 2 is embodied as a transparent substrate in the exem-
plary embodiment shown. As an alternative thereto, it is also
possible for the optical element to be embodied, for example,
as a wavelength conversion element or as a scattering ele-
ment. Features concerning a transparent substrate, a wave-
length conversion element comprising at least one wave-
length conversion substance or a scattering element
comprising scattering bodies or scattering centers are
described above in the general part. The arrangement of the
optical element 2 on the surface 12 of the semiconductor chip
1 results in gaps and channels between the optical element 2
and the semiconductor chip 1, which is indicated here and in
the following exemplary embodiments by the optical element
2 being arranged in a manner slightly spaced apart from the
semiconductor chip 1. The gaps can arise for example as a
result of surface structures and surface irregularities that are
present on account of manufacturing tolerances or are pro-
duced in a targeted manner. As a result of the plateau-type
roughening 15, as many mechanical coupling areas as pos-
sible can also be provided besides the coupling-out facets
mentioned above.

In a further method step in accordance with FIG. 1C, a
connecting layer 3 is applied between the optical element 2
and the semiconductor chip 1 after the arrangement of the
optical element 2 on the semiconductor chip 1. The connect-
ing layer 3 comprises a transparent oxide, for example a
dielectric transparent oxide such as, for instance, aluminum
oxide, titanium dioxide, zirconium dioxide, tantalum pentox-
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ide, hafnium dioxide, silicon dioxide, silicon nitride. Alter-
natively or additionally, the connecting layer 3 can also com-
prise a transparent conductive oxide, for example indium tin
oxide or zinc oxide. The connecting layer 3 is applied by
means of the ALD method described above in the general
part. As a result of the high gap penetration of the ALD
method and its conformal filling behavior described above in
the general part, the connecting layer 3 can be applied in a
manner directly adjoining the surface 12 of the semiconduc-
tor chip and the surface 22 of the optical element 2 that faces
the semiconductor chip 1. This results in a so-called thin-gap
adhesive bond and a mechanical and, in particular, cohesive
fixing of the optical element 2 on the semiconductor chip 1.

The optoelectronic semiconductor component 100 fabri-
cated in this way thus comprises the connecting layer 3
between the semiconductor chip 1 and the optical element 2,
wherein the connecting layer 3 directly adjoins the surface 12
of the semiconductor chip 1 and directly adjoins the surface
22 of the optical element 2. As indicated by the cavities in the
connecting layer 3 in FIG. 1C, not necessarily all channels 14
or all cavities between the optical element 2 and the semicon-
ductor chip 1 must be filled during the filling of the channels
14 and the gaps between the optical element 2 and the semi-
conductor chip 1.

In particular, a transparent oxide having a refractive index
of greater than 1.55 and preferably of greater than or equal to
the refractive index of the optical element 2 is chosen as
material for the connecting layer 3. Optical losses that arise,
for example, in the case of conventional silicone adhesives for
fixing optical elements on light emitting diode chips can be
avoided as a result.

The connecting layer has a thickness corresponding, for
instance, to half of the structure size of the roughening 15, that
is to say the roughness in the exemplary embodiment shown.
In other words, the average structure size is preferably less
than or equal to twice the thickness of the connecting layer 3.

If the optical element 2 is embodied as a wavelength con-
version element, for example as a ceramic wavelength con-
version element comprising a ceramic wavelength conversion
substance in a ceramic matrix or a glass matrix, then a good
thermal and optical linking of the wavelength conversion
element to the semiconductor chip 1 arises, which can result
in an increase in the efficiency of the semiconductor compo-
nent 100.

Alternatively or additionally, the optical element 2 can
likewise have a surface structure for example in the form of a
roughening on the surface 2. Exemplary embodiments of
optoelectronic semiconductor component comprising an
optical element 2 having a surface structure on the surface 22
are shown in further exemplary embodiments.

FIG. 1D shows a further method step of a method for
fabricating an optoelectronic semiconductor component 101,
wherein, proceeding from the method steps in accordance
with FIGS. 1A to 1C, the substrate 10 is removed after the
arrangement and fixing of the optical element 2 on the surface
12 of the semiconductor chip 1 by means of the connecting
layer 3. Contacts 17 for making contact with the semiconduc-
tor layer sequence 11 are applied to the then exposed side of
the semiconductor layer sequence 11 situated opposite the
optical element 2. The optoelectronic semiconductor compo-
nent 101 is embodied as a so-called flip-chip which can be
arranged by means of the contacts 17 on a carrier, for example
a ceramic substrate, a leadframe, a printed circuit board or a
light emitting diode housing.

Alternatively, it is also possible for the semiconductor chip
1 shown in FIG. 1A already to be arranged on a carrier before
the optical element 2 is applied.
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The optical element 2, which can be embodied, for
example, as mentioned above as a transparent substrate, as a
wavelength conversion element or as a scattering element,
can also lead to the stabilization of the semiconductor layer
sequence 11 and thus of the entire semiconductor component
101 in particular in the embodiment of the semiconductor
component 101 as a flip-chip.

The following figures show further embodiments of opto-
electronic semiconductor components which constitute
modifications of the exemplary embodiments shown previ-
ously. The following description is therefore substantially
restricted to the differences with respect to the previous exem-
plary embodiments.

FIGS. 2A and 2B show further exemplary embodiments of
optoelectronic semiconductor components 102 and 103,
which comprise, in addition to the optical element 2 on the
semiconductor chip 1, a further optical element 4 on the
optical element 2. The further optical element 4 is embodied
in a lens-like fashion in the exemplary embodiment in accor-
dance with FIG. 2A and in a pyramidal or conical fashion in
the exemplary embodiment in accordance with FIG. 2B. As
an alternative or in addition thereto, it is also possible for the
further optical element 4 to be embodied, for example, as a
wavelength conversion element or as a scattering element
comprising scattering centers or scattering structures.

The further optical element 4 is fixed on the optical element
2 by means of a further connecting layer 5. In particular, the
optical element 2 in the exemplary embodiments shown has a
surface structure on the side facing away from the semicon-
ductor chip 1, which surface structure can serve firstly for
optical coupling-out and secondly for enlarging the surface
area. By means of an ALD method, the further connecting
layer 5 is applied in a manner in each case directly adjoining
the optical element 2 and the further optical element 4 after
the arrangement of the further optical element 4 on the optical
element 2. In this case, it may also be possible for the con-
necting layers 3 and 5 to be produced simultaneously. In
particular, the further connecting layer 5 can have features as
described for the connecting layer 3.

For the exemplary embodiments in the following figures,
the connecting layer 3 is not shown, for the sake of clarity.

FIGS. 3A to 3C show further exemplary embodiments of
optoelectronic semiconductor components 104, 105 and 106,
which additionally comprise a surface structure 13, 23 having
a channel 14, 24 in the surface 12 of the semiconductor chip
1 (FIG. 3A) or in the surface 22 of the optical element 2
(FIGS. 3B and 3C). Instead of one channel 14, 24, for
example, it is also possible in each case for a plurality of
channels to be present. It is also possible for in each case at
least one channel 14, 24 to be formed both in the semicon-
ductor chip 1 and in the optical element 2.

The atleast one channel 14, 24 extends from an edge region
of the surface 12, 22 in the surface 12, 22 along a main
extension plane of the surface 12, 22 from an edge region to
an inner region, thus into the plane of the drawing in the
exemplary embodiments or figures shown. In this case, the
respective channel 14, 24 can be produced by etching, for
example, and can be embodied in a continuous fashion, thatis
to say in a manner extending from one edge region to an
opposite edge region, or else as a blind trench. As a result of
a surface structure 13, 23 having at least one channel 14, 24,
internal regions, that is to say the inner region, and in particu-
lar gaps at the interface between the surfaces 12, 22 can be
more easily accessible from outside, that is to say from the
edge region.

In order to determine suitable dimensions of the at least one
channel 14, 24, the length of time for which the ALD method
must be carried out, that is to say the so-called exposure time,
can be estimated theoretically. By way of example, the at least
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one channel 14, 24 can have a length along which it extends
from the edge region toward the inner region. Furthermore,
the at least one channel 14, 24 can have a diameter that
specifies the width, in particular the minimum width, of the
channel 14, 24 perpendicular to the length. If the channel 14,
24 has, for example, a diameter of 0.5 pm in conjunction with
a length of 500 um, then this corresponds to an aspect ratio a
of approximately 1000. By contrast, if a roughening is
assumed such as is shown, for example, in FIG. 1A and which
has plateaus, then an aspect ratio a of approximately 100
results given a radius of 0.5 pm and given gap widths of less
than 5 mm. This reveals that the dimensions for a channel 14,
24 embodied as a supply line channel are dominant, particu-
larly the minimum gap width being crucial in the case of the
plateau-type roughening shown by way of example.

FIG. 7A shows an estimation of the exposure time ET in
seconds as a function of the aspect ratio, that is to say the ratio
of length to diameter of the channel, said exposure time being
necessary in order to apply a layer composed of hafnium
dioxide at a precursor pressure of approximately 0.2 mbar or
approximately 0.263 torr. FIG. 7B shows the corresponding
process time PT in hours as a function of the aspect ratio, said
process time being necessary in order to apply a layer having
a thickness of approximately 100 nm. It is evident from the
curves shown that the exposure time ET or respectively the
process time PT rises quadratically with the aspect ratio. The
estimations in FIGS. 7A and 7B are based on the document R.
Gordon et al., “A Kinetic Model for Step Coverage by Atomic
Layer Deposition in Narrow Holes or Trenches,” Chem. Vap.
Deposition, 9(2), 2003, 73, the disclosure content of which
within its full scope is hereby incorporated by reference.

This reveals that an aspect ratio of length to diameter of less
than or equal to 500, in particular of less than or equal to 200,
and particularly preferably of less than or equal to 100, for the
at least one channel 14, 24 is particularly advantageous.

The at least one channel 14, 24 enables an optimum and
efficient distribution of the precursor gases during the appli-
cation of the connecting layer 3 by means of the ALD method
into as far as possible all gap areas between the semiconduc-
tor chip 1 and the optical element 2. The length and the
diameter of the at least one channel 14, 24 are adapted to the
chip size such that the aspect ratio of length to diameter does
not become much greater than 100 during the ALD method as
well, in order not to significantly increase the process times
and thus the costs. By means of the at least one channel 14, 24
or, if appropriate, by means of a plurality of channels, it is
possible to achieve a homogeneous coating between and
adjoining the surfaces 12, 22 of the semiconductor chip 1 and
of the optical element 2, which coating leads to economic
process times even in the case of large chip sizes of, for
example, greater than 300 um for the chip side edges, that is
to say for example in the range of 1 mm. In order that in
particular the light emitting region or the light emitting layer
of'the semiconductor chip 1 is made as large as possible, it can
be advantageous, in particular, in accordance with the exem-
plary embodiments in FIGS. 3B and 3C, to form the at least
one channel 24 or a plurality of channels as surface structure
23 in the surface 22 of the optical element 2.

In comparison with the exemplary embodiments in FIGS.
1A to 3B, the semiconductor chip 1 in accordance with the
exemplary embodiment in FIG. 3C has, as surface structure
13, a regular arrangement of elevations which are separated
from one another by trenches and which form a photonic
crystal 16. The latter preferably has a filling factor of at least
50% and a structure size of at least 400 nm, wherein the
structure shown with free-standing elevations and a continu-
ous deep plane formed by the trenches between the elevations
is preferably used for an efficient distribution of the gases



US 9,324,920 B2

15

during the ALD method for applying the connecting layer 3.
In order that, for a given efficiency, the aspect ratio for ever
growing gaps is kept within limits, it is advantageous to keep
the structure size as small as possible.

FIG. 4 shows a further exemplary embodiment of an opto-
electronic semiconductor component 107, wherein the sur-
face 12 of the semiconductor chip 1 and the surface 22 of the
optical element 2 in each case have a roughening 15, 25 as
surface structure 13, 23, which are structured in the form of a
tongue-and-groove principle and can be interlocked in one
another. A particularly efficient coupling of the optical ele-
ment 2 to the semiconductor chip 1 can be achieved by the
application of the connecting layer 3 and the interlocked
surface structures 13, 23.

FIG. 5 shows an assemblage 29 comprising a plurality of
optical elements 2. The optical elements 2 can be manufac-
tured jointly for example in the assemblage 29. Such an
assemblage 29 is particularly suitable for fabricating a plu-
rality of optoelectronic semiconductor components as shown
in conjunction with FIG. 6.

The assemblage 29 comprising the optical components 2
has channels 14 which are arranged such that they cross one
another and which can simultaneously form separating
trenches for later singulation. Furthermore, the assemblage
29 has a further channel 28, which extends perpendicularly to
the main extension plane of the assemblage 29 into the assem-
blage 29 and thus into the optical elements 2.

FIG. 6 shows a method step in accordance with a further
exemplary embodiment, wherein an assemblage 19 compris-
ing a plurality of semiconductor chips 1 present, for example,
in the form of a wafer assemblage is provided. On this assem-
blage there is arranged the assemblage 29 comprising the
plurality of optical elements 2 as shown in FI1G. 5. A connect-
ing layer is subsequently applied between the assemblage 19
and the assemblage 29 in a manner directly adjoining them by
means of an ALD method. What can be achieved by means of
the channels 14 and 28 is that the aspect ratio of the inter-
spaces and gaps between the assemblage 19 and the assem-
blage 29 is preferably less than or equal to 100, such that the
fixing of the assemblage 29 on the assemblage 19 by means of
an ALD-applied connecting layer can be carried out in an
economic time frame. Along the singulation lines indicated
by means of the dashed lines, the semiconductor chips 1 and
optical elements 2 joined together in the assemblage can
subsequently be singulated into individual optoelectronic
semiconductor components 108.

The invention is not restricted to the exemplary embodi-
ments by the description on the basis of said exemplary
embodiments. Rather, the invention encompasses any novel
feature and also any combination of features, which in par-
ticular includes any combination of features in the patent
claims, even if this feature or this combination itself is not
explicitly specified in the patent claims or exemplary embodi-
ments.

The invention claimed is:
1. An optoelectronic semiconductor component compris-
ing:

an optoelectronic semiconductor chip;

an optical element; and

aconnecting layer comprising a transparent oxide arranged
between the semiconductor chip and the optical ele-
ment, wherein the connecting layer directly adjoins the
semiconductor chip and the optical element and fixes the
optical element on the semiconductor chip;

wherein the optical element has at least one further channel
that extends perpendicularly to a main extension plane
of'the connecting layer from a surface facing away from
the semiconductor chip through into the optical element.
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2. The semiconductor component according to claim 1,
wherein the connecting layer directly adjoins a surface of the
semiconductor chip having a surface structure and/or a sur-
face of the optical element having a surface structure.

3. The semiconductor component according to claim 2,
wherein the surface structure has at least one channel which
extends in the surface from an edge region of the surface
along a main extension plane of the surface to an inner region.

4. The semiconductor component according to claim 3,
wherein the channel has a length and a diameter wherein an
aspect ratio of the length to the diameter is less than or equal
to 500.

5. The semiconductor component according to claim 2,
wherein the surface structure has a plurality of channels.

6. The semiconductor component according to claim 5,
wherein the channels cross one another.

7. The semiconductor component according to claim 2,
wherein the surface structure has a roughening.

8. The semiconductor component according to claim 2,
wherein the surface structure has regularly arranged eleva-
tions.

9. The semiconductor component according to claim 2,
wherein the surface structure has lens-shaped and/or pyrami-
dal elevations.

10. The semiconductor component according to claim 2,
wherein the semiconductor chip and the optical element each
have a surface structure, the connecting layer being arranged
between these surface structures and these surface structures
intermeshing.

11. The semiconductor component according to claim 2,
wherein the surface structure has an average structure size
that is less than or equal to twice a thickness of the connecting
layer.

12. The semiconductor component according to claim 1,
wherein the connecting layer comprises a transparent con-
ductive oxide and/or a dielectric oxide.

13. The semiconductor component according to claim 1,
further comprising a further optical element arranged on the
optical element; and

a further connecting layer comprising a transparent oxide

directly adjoining the optical element and the further
optical element, the further connecting layer fixing the
further optical element on the optical element.

14. A method for fabricating an optoelectronic semicon-
ductor component, the method comprising:

arranging an optical element on a semiconductor chip; and

applying a connecting layer comprising a transparent

oxide, the connecting layer applied, after the arranging
the optical element on the semiconductor chip, by
atomic layer deposition such that the connecting layer
directly adjoins the semiconductor chip and the optical
element and is disposed between the semiconductor chip
and the optical element.

15. The method according to claim 14, wherein

the semiconductor chip and the optical element are each

provided as a plurality in an assemblage and arranged
one on top of another, and

after the connecting layer has been applied, individual

optoelectronic semiconductor components are detached
from the assemblage by singulation.

16. An optoelectronic semiconductor component compris-
ing:

an optoelectronic semiconductor chip;

an optical element; and

a connecting layer consisting of a transparent oxide

arranged between the semiconductor chip and the opti-
cal element, the connecting layer directly adjoining the
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semiconductor chip and the optical element and fixing
the optical element on the semiconductor chip;

wherein gaps between the optical element and the semi-
conductor chip, which are formed by arranging the opti-
cal element on the semiconductor chip, are partially
filled.

17. An optoelectronic semiconductor component compris-

ing:

an optoelectronic semiconductor chip;

an first optical element;

afirst connecting layer comprising a first transparent oxide
arranged between the semiconductor chip and the first
optical element, wherein the first connecting layer
directly adjoins the semiconductor chip and the first
optical element and fixes the first optical element on the
semiconductor chip;

a second optical element arranged on the first optical ele-
ment; and

a second connecting layer comprising a second transparent
oxide directly adjoining the first optical element and the
second optical element, the second connecting layer fix-
ing the second optical element on the first optical ele-
ment.

10

15

20

18



